Introduction
============

Spinal cord injury (SCI) covers various types of damage to the spinal cord. According to the severity of injury, the symptoms may vary, ranging from pain to complete loss of movement and sensory function. SCI affects millions of people worldwide, usually for life ([@b1-mmr-22-01-33]). To date, there is no effective treatment. Therefore, finding new treatment methods for patients with SCI is crucial. However, exploring the pathogenesis of SCI and finding effective treatment strategies has been a great challenge for researchers.

Previous studies have suggested that, in injured spinal cords, the inflammasome can activate inflammatory caspases and cytokines of the interleukin (IL)-1 family (IL-1β and IL-18) by identifying host-derived damage-associated molecular patterns ([@b2-mmr-22-01-33]--[@b4-mmr-22-01-33]). VX-765, also known as Belnacasan, is an inhibitor of IL-1-converting enzyme (caspase-1), which controls the generation of IL-1β and IL-18 ([@b5-mmr-22-01-33]--[@b7-mmr-22-01-33]). VX-765 has been shown to inhibit acute seizures and chronic epilepsy in preclinical models ([@b8-mmr-22-01-33]). Therefore, using VX-765 to inhibit caspase-1, the common converting enzyme of these two inflammatory factors, in the acute stage of SCI might be an effective anti-inflammatory intervention. However, the exact mechanism is not entirely clear. The aim of the present study was to use VX-765 8 h after SCI, in order to analyze the transcription of the local genes, using RNA-sequencing (RNA-Seq). Next, through bioinformatics analysis and reverse transcription-quantitative PCR (RT-qPCR), key molecular and signaling pathways were screened and identified, providing a new theoretical and experimental basis for SCI clinical treatment.

Materials and methods
=====================

### Animals

A total of 27 healthy and clean C57BL/6 female mice (weight, 18--20 g; age, 8 weeks old; Chang Zhou Cavens Laboratory Animal Ltd.) were used in this study ([Fig. 1](#f1-mmr-22-01-33){ref-type="fig"}). Animal care following surgery complied with the regulations for the management of experimental animals (revised by the Ministry of Science and Technology of China in June 2004). The study was approved by the Institutional Committee on Animal Care, Use and Research of the Bengbu Medical College (approval no. 2017037).

### Contusive SCI and drug injection

An Infinite Horizon impactor (Precision Systems & Instrumentation) was used to perform contusive SCI, as previously described ([@b9-mmr-22-01-33]--[@b11-mmr-22-01-33]). The mice were first anesthetized with pentobarbital sodium (50 mg/kg, intraperitoneally) and then the T9 lamina was excised. The spine was stabilized by clamping the T7 and T11 spinous processes, and then a moderate SCI model was created using a rod (1.3 mm in diameter) with a force of 50 Kdynes and a dwell time of 0 sec. Sham-operated (sham) mice only received a laminectomy without contusive injury.

The spinal cord-injured mice were randomly assigned to the DMSO control or VX-765 injection groups (9 mice in every group). Mice were intraperitoneally injected with DMSO or VX-765 (100 mg/kg prepared in DMSO) immediately following injury. Since the aim was to investigate the effect of VX-765 on local gene transcription in the acute stage of SCI, all specimens were collected 8 h after SCI.

### Identification of the effect of VX-765 on caspase-1 and 3 activities in injured spinal cords by western blot analysis

A total of 8 h following surgery, the mice were euthanized referring to previous references ([@b12-mmr-22-01-33],[@b13-mmr-22-01-33]) with an overdose of pentobarbital sodium (80 mg/kg, intraperitoneally) and perfused with 10 ml PBS. An overdose of pentobarbital sodium can make the mice lose consciousness within 2 min with minimal pain and distress. Subsequent PBS perfusion can make animals die (no spontaneous breathing and blink reflex) within 2--3 min with no pain and distress, while spinal cord samples were taken (0.5 cm, including the injury center, n=6 in every group). Total protein was extracted from the spinal cords using a mammalian protein extraction kit (cat. no. C600589; Sangon Biotech Co., Ltd.) and western blot analysis was performed as previously described ([@b14-mmr-22-01-33]). For the caspase-3 analysis, the primary antibodies used were rabbit anti-β-actin (1:2,000; cat no. BL005B; Biosharp) and rabbit anti-caspase-3 antibody (1:1,000; cat no. ab13847; Abcam). The secondary antibody used was horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG (1:10,000; cat. no. BL003A; Biosharp). As the molecular weights of β-actin and pro-caspase-1 are similar ([@b15-mmr-22-01-33]), when western blot analysis was performed, rabbit monoclonal anti-caspase-1+p10+p12 antibody (1:1,000; cat. no. ab179515; Abcam) was first used to incubate for 12 h at 4°C and detect protein levels, then the restore western blot stripping buffer (cat. no. 21059; Thermo Fisher Scientific, Inc.) was used to wash off the antibody on the membrane. For the stripping, the blot was placed in 20 ml restore western blot stripping buffer and incubated for 15 min at 37°C. Then, the blot was removed and washed 5 min with PBS three times. To test for complete removal of the HRP labeled secondary antibody, the membrane was incubated with a SuperSignal West Working solution (cat. no. 34095; Thermo Fisher Scientific, Inc.) for 5 min at room temperature and exposed to film. If no signal is detected using a 5-min exposure, the HRP-conjugated secondary antibody had been successfully removed. To test for complete removal of the primary antibody, the membrane was incubated with the HRP-labeled secondary antibody, followed by washing 5 min in 1 X TBST buffer containing 0.01 M Tris, 0.15 M NaCl and 0.1% Tween-20 (cat. no. C520009; Sangon Biotech Co., Ltd.) three times. Then, membrane was incubated in SuperSignal West Working Solution for 5 min at room temperature and exposed to film again. If no signal is detected with a 5-min exposure, the primary antibody has been successfully removed from the antigen. After determining that the membrane was properly stripped, the second immunoprobing experiment of anti-β-actin antibody was performed as previously described ([@b14-mmr-22-01-33]).

### RNA isolation, quantification and qualification

A total of 8 h following surgery, mice were euthanized with an overdose of pentobarbital sodium (80 mg/kg, intraperitoneally) ([@b12-mmr-22-01-33],[@b13-mmr-22-01-33]) and perfused with 10 ml PBS, and the spinal cords (0.5 cm, including the injury center) were removed. Total RNA was extracted from spinal cords and purified, as previously described ([@b16-mmr-22-01-33]).

### Library preparation and transcriptome sequencing

The sequencing libraries were produced using NEBNext^®^ Ultra™ RNA Library Prep kit for Illumina^®^ (New England Biolabs) as previously described ([@b13-mmr-22-01-33]). Finally, the 125-bp/150-bp paired-end reads were obtained and sequenced on an Illumina Hiseq platform. The sequence data have been deposited into Sequence Read Archive (<https://www.ncbi.nlm.nih.gov/sra/PRJNA548970>).

### Differentially expressed gene (DEG) analysis

Prior to DEG analysis, the gene expression statistics were analyzed using RSEM software (v1.3.1; <http://deweylab.biostat.wisc.edu/rsem/>) to convert the read count numbers to Fragments Per Kilobase of transcript per Million fragments mapped (FPKM) and Principal Component Analysis (PCA) was made to determine the similarities and differences in the data. Differential gene expression in the three groups was analyzed as previously described ([@b16-mmr-22-01-33]), using the DESeq software (<http://www.bioconductor.org/>). Benjamini and Hochberg\'s approach was used to control the false discovery rate and adjust the P-values. An adjusted P\<0.05 was defined as a standard for significant differences in gene expression.

### Gene ontology (GO) and kyoto encyclopedia of genes and genomes (KEGG) enrichment analysis of DEGs

GO and KEGG analysis was performed using GOseq R package and KOBAS software, as previously described ([@b16-mmr-22-01-33]).

### RT-qPCR

To validate RNA-Seq results, nine DEGs were randomly selected and verified by RT-qPCR, as previously described ([@b16-mmr-22-01-33]). PCR primer sequences are listed in [Table I](#tI-mmr-22-01-33){ref-type="table"}. The relative quantitative results of each group (n=6) of genes were calculated according to the 2^−ΔΔCq^ formula ([@b17-mmr-22-01-33]).

### Statistical analysis

Statistical values of western blot analysis and RT-qPCR (n=6/group) were presented as mean ± standard deviation. The data were analyzed using one-way analysis of variance followed by Student-Newman-Keuls tests. P\<0.05 was considered to indicate a statistically significant difference. All tests were performed using SPSS 16.0 (SPSS, Inc.).

Results
=======

### Effect of VX-765 on caspase-1 activity in injured spinal cords

To verify the effect of VX-765 on caspase-1 activity in injured spinal cords, the homogenate extracts obtained from DMSO and VX-765-treated spinal cords were detected by western blot analysis. As the molecular weights of β-actin and pro-caspase-1 are similar ([@b14-mmr-22-01-33]), when western blot analysis was carried out, anti-caspase-1+p10+p12 antibody was first used to incubate and detect protein levels, and then stripping buffer was used to wash off the antibody on the membrane. Then, anti-β-actin antibody incubation and detection was carried out. As shown in [Fig. 2A and B](#f2-mmr-22-01-33){ref-type="fig"}, no significant differences were observed in the 43 and 45 kDa pro-caspase-1 bands and 31 kDa pro-caspase-3 band. However, the 10 and 12 kDa caspase-1 bands ([Fig. 2A](#f2-mmr-22-01-33){ref-type="fig"}) and the 17 and 12 kDa caspase-3 bands ([Fig. 2B](#f2-mmr-22-01-33){ref-type="fig"}) in the SCI (DMSO) group were significantly increased compared with those in the sham group (P\<0.05). In VX-765 group, these bands ([Fig. 2A and B](#f2-mmr-22-01-33){ref-type="fig"}) were significantly decreased compared with those in the DMSO control group (P\<0.05). [Fig. 2C and D](#f2-mmr-22-01-33){ref-type="fig"} show a significant difference among the three groups (n=6, P\<0.01 or 0.05). These results showed that SCI can induce the activities of caspase-1 and 3, and VX-765 can inhibit their activities in injured spinal cords.

### Identification of expressed transcripts in the mouse spinal cords

For the quality assessment of sequencing data, nine cDNA libraries were established, including Sham (Sham1, Sham2 and Sham3), SCI (DMSO; SCI_C1, SCI_C2 and SCI_C3) and SCI (VX-765; SCI_V1, SCI_V2 and SCI_V3). RNA-Seq produced 48,440,020-62,676,868 raw reads for each sample. After filtering out the low-quality reads, the clean reads were from 47,736,336-61,993,808 (97.6--3.92%; [Table II](#tII-mmr-22-01-33){ref-type="table"}).

In order to identify the source of variation in the original data, PCA analysis was conducted. As shown in [Fig. 3](#f3-mmr-22-01-33){ref-type="fig"}, PC1, PC2 and PC3 were 45.22, 24.13 and 6.20%, respectively, demonstrating that the data could be used for the next analysis.

### Effect of VX-765 treatment on gene expression

FPKM and DESeq were used to analyze the gene expression level and differential expression profiles, respectively. The results showed that compared with the sham group there were 4,476 DEGs in the SCI (DMSO) group, including 2,899 up- and 1,577 downregulated genes ([Fig. 4A](#f4-mmr-22-01-33){ref-type="fig"} and [Table SI](#SD1-mmr-22-01-33){ref-type="supplementary-material"}). As compared with the SCI (DMSO) group, there were 2,899 DEGs in the SCI (VX-765) group, 1,137 of which were up- and 1,762 were downregulated ([Fig. 4B](#f4-mmr-22-01-33){ref-type="fig"} and [Table SI](#SD1-mmr-22-01-33){ref-type="supplementary-material"}).

### RT-qPCR identification of DEGs

In order to verify the RNA-Seq results, 11 DEGs were randomly selected from the SCI (VX-765) group, as compared with the SCI (DMSO) group, namely caspase-1, IL-1β, Lipocalin-2 (Lcn2), nucleotide-binding oligomerization domain, leucine-rich repeat and pyrin domain-containing 3 (Nlrp3), platelet endothelial cell adhesion molecule (Pecam1), CD34, guanylate binding protein 7 (Gbp7), inducible T-cell COStimulator (Icos1), 15-hydroxyprostaglandin dehydrogenase (Hpdg), chemokine (C-C motif) ligand 9 (Ccl9) and Rel. The RNA-Seq and RT-qPCR results indicated that the expression patterns of these DEGs were similar ([Fig. 5](#f5-mmr-22-01-33){ref-type="fig"}).

### DEG cluster analysis

The DEGs from different groups were analyzed using FPKM hierarchical cluster analysis. As shown in [Fig. 6](#f6-mmr-22-01-33){ref-type="fig"}, DEGs were classified into different expression clusters by hierarchical clustering. These clusters contained up- or downregulated DEGs. Most upregulated DEGs in the SCI (DMSO) group compared with the sham group were in the middle cluster, while downregulated genes were observed in the upper and lower clusters. Compared with the sham group, most upregulated DEGs in the SCI (VX-765) group were in the middle and upper-lower clusters, while downregulated genes were mainly observed in the lower cluster. Compared with the SCI (DMSO) group, some upregulated DEGs in the SCI (VX-765) group were observed in the upper cluster, while downregulated DEGs were observed in the lower cluster; there were also clusters with no significant differences at the bottom.

### GO enrichment analysis of DEGs

Compared with the sham group, 91 GO terms in upregulated DEGs ([Fig. 7A](#f7-mmr-22-01-33){ref-type="fig"}, [Table SII](#SD2-mmr-22-01-33){ref-type="supplementary-material"}) and 18 GO terms in downregulated DEGs ([Fig. 7B](#f7-mmr-22-01-33){ref-type="fig"}, [Table SIII](#SD3-mmr-22-01-33){ref-type="supplementary-material"}) were found in the SCI (DMSO) group. In the SCI (VX-765) group, one GO term in upregulated DEGs ([Fig. 7C](#f7-mmr-22-01-33){ref-type="fig"}, [Table SII](#SD2-mmr-22-01-33){ref-type="supplementary-material"}) and ten GO terms in downregulated DEGs ([Fig. 7D](#f7-mmr-22-01-33){ref-type="fig"}, [Table SIII](#SD3-mmr-22-01-33){ref-type="supplementary-material"}) were found, compared with the SCI (DMSO) group. In the SCI (DMSO) group, the downregulated DEGs were most enriched in protein binding, extracellular-glutamate-gated ion channel activity, transmembrane transporter activity, compared with the sham group. The upregulated DEGs were most enriched in anion binding, ribonucleotide binding, purine ribonucleoside triphosphate binding, intracellular signal transduction and chemokine activity. In the SCI (VX-765) group, the downregulated DEGs were most related to binding, signal transduction, transferase, sialyltransferase and NAD^+^ ADP-ribosyltransferase activity, compared with the SCI (DMSO) group. The upregulated DEGs were only enriched in one term, which was binding.

### KEGG enrichment analysis of DEGs

Scatter plots were used to express the KEGG enrichment analysis results for the DEGs. As compared with the sham group, the upregulated DEGs in the SCI (DMSO) group were most enriched in focal adhesion, apoptosis, tumor necrosis factor, nuclear factor (NF)-κB, Toll-like receptor, phosphatidylinositol 3-kinase (PI3K) protein kinase B (Akt), NOD-like receptor, mitogen associated protein kinase and p53 signaling pathway ([Fig. 8A](#f8-mmr-22-01-33){ref-type="fig"}, [Table SIV](#SD4-mmr-22-01-33){ref-type="supplementary-material"}). The downregulated DEGs were most enriched in glutamatergic synapse, endocytosis, Rap1, Hippo and the Ras signaling pathway ([Fig. 8B](#f8-mmr-22-01-33){ref-type="fig"}, [Table SV](#SD5-mmr-22-01-33){ref-type="supplementary-material"}). In the SCI (VX-765) group, no enriched signaling pathways were found in the upregulated DEGs ([Fig. 8C](#f8-mmr-22-01-33){ref-type="fig"}, [Table SIV](#SD4-mmr-22-01-33){ref-type="supplementary-material"}), compared with the SCI (DMSO) group. The downregulated DEGs were most enriched in focal adhesion, cytokine-cytokine receptor interaction, leukocyte transendothelial migration, extracellular matrix (ECM)-receptor interaction, PI3K-Akt, Rap1 and hypoxia inducible factor (HIF)-1 signaling pathway ([Fig. 8D](#f8-mmr-22-01-33){ref-type="fig"}, [Table SV](#SD5-mmr-22-01-33){ref-type="supplementary-material"}).

Discussion
==========

It has been proved that the activation of caspase-1 needs the recruitment of pro-caspase-1 into the inflammasome and the initiation of its self-cleavage. Activated caspase-1 can further cleave and activate IL-1 family cytokines (such as IL-1β and IL-18), leading to downstream inflammatory cascades ([@b18-mmr-22-01-33],[@b19-mmr-22-01-33]). VX-765 is reported to be a potent and selective inhibitor of caspase-1 ([@b5-mmr-22-01-33]--[@b7-mmr-22-01-33]). Although the mechanism is still unclear, this process must be related to inhibiting pro-caspase-1 recruitment to the inflammasome and self-cleavage. Previous studies have shown that the activation of caspase-1 and the resulting expression and activation of IL-1β and IL-18 occur at the site of SCI ([@b2-mmr-22-01-33],[@b20-mmr-22-01-33],[@b21-mmr-22-01-33]). Since it is a potent and selective inhibitor, the present study hypothesized that using VX-765 to inhibit caspase-1 in the acute stage of SCI might be an effective anti-inflammatory and anti-apoptotic intervention. To prove this hypothesis, RNA-Seq was used in the present study as a detection method to explore the effects of VX-765 on genome-wide transcription in SCI. To identify the effectiveness of VX-765 on caspase-1, western blot analysis was used to detect the pro-caspase-1 and activated caspase-1. The results showed that VX-765 can inhibit caspase-1 activity in injured spinal cords. At the same time, caspase-3, an essential regulator of programmed cell death through apoptosis, was also detected. The results showed that the inhibition of caspase-1 activity can indeed play an anti-apoptotic role. However, these studies are limited and require a high-throughput experiment to confirm these hypotheses. Next, the effects of VX-765 on the local gene transcription of injured spinal cords were characterized by RNA-Seq. Before analyzing the data, the cDNA library quality was examined. \>97% of the tags were clean and PCA analysis showed that the variation was low. These showed that the cDNA library could be used for the next functional analysis.

The results of RNA-Seq showed that, as compared with the sham group, there were 4,476 DEGs in the SCI (DMSO) group, including 2,899 upregulated and 1,577 downregulated. These were consistent with the present study and other previous reports ([@b16-mmr-22-01-33],[@b22-mmr-22-01-33]), suggesting that the results of this experiment are reliable. As compared with the SCI (DMSO) group, there were 2,899 DEGs in the SCI (VX-765) group, 1,137 of which were upregulated and 1,762 downregulated. To further verify the RNA-seq results, 11 DEGs (caspase-1, IL-1β, Lcn2, Nlrp3, Pecam1, CD34, Gbp7, Icos1, Hpdg, Ccl9 and Rel) were selected for RT-qPCR. The results showed that the expression patterns of these genes detected by these two methods were similar. These demonstrated that the present RNA-seq results are reliable and can be used for subsequent analysis. These also confirmed that VX-765 can inhibit the expression and activation of caspase-1 and its downstream inflammatory factors. In theory, to be a potent and selective inhibitor of interleukin-converting enzyme/caspase-1, VX-765 can\'t directly inhibit other types of proteins such as matrix metalloproteinases (MMPs). However, in the present RNA-Seq results, 1,762 downregulated genes including MMPs (MMP3, MMP8, MMP11 and MMP16) were found. Although, the possibility of VX-765 inhibiting other types of proteins can\'t be excluded in this study, it suggests that VX-765 may indirectly inhibit the expression and activity of these proteins by inhibiting caspase-1. This is an interesting topic, which deserves further discussion.

In order to further analyze the DEGs effected by VX-765, GO enrichment analysis was used to determine the distribution of DEGs and enriched cell component, molecular function and biological process GO terms ([@b23-mmr-22-01-33]). In the SCI (VX-765) group, the downregulated DEGs were most enriched in binding, signal transduction, transferase, sialyltransferase, NAD^+^ ADP-ribosyltransferase activity, compared with the SCI (DMSO) group. The upregulated DEGs were only enriched in one term, which was binding. Next, KEGG was used to analyze signaling pathways associated with treatment of SCI with VX-765. In THE SCI (VX-765) group, no enriched signaling pathways were found in the upregulated DEGs, as compared with the SCI (DMSO) group. The downregulated DEGs were most enriched in focal adhesion, cytokine-cytokine receptor interaction, leukocyte transendothelial migration, ECM-receptor interaction, PI3K-Akt, Rap1 and HIF-1 signaling pathway.

Focal adhesions are specialized intracellular sites in which aggregated integrin receptors interact with extracellular matrices, while extracellular matrices interact with the intracellular actin cytoskeleton ([@b24-mmr-22-01-33],[@b25-mmr-22-01-33]). Focal adhesions are the result of cell-ECM interactions ([@b24-mmr-22-01-33],[@b26-mmr-22-01-33]). The ECM plays an important role in tissue and organ morphogenesis ([@b27-mmr-22-01-33],[@b28-mmr-22-01-33]), as well as the control of cellular activities such as adhesion, migration, differentiation, proliferation and apoptosis ([@b29-mmr-22-01-33]). Cytokines are important regulators and mobilizing factors between cells, which are involved in inflammation, defense, cell growth, differentiation, death and repair processes ([@b30-mmr-22-01-33],[@b31-mmr-22-01-33]). Following VX-765 treatment, the cytokine receptor interaction was inhibited in the sequencing results, involving 56 related genes, such as Csf3, Ifngr1, Ltbr, Tgfbr2 and Il6st. As expected, leukocyte transendothelial migration was also inhibited. During leukocyte division, leukocytes bind to endothelial cell adhesion molecules and then migrate between vascular endothelial cells ([@b32-mmr-22-01-33]). The migration or infiltration of white blood cells from the blood into tissues is critical to immune surveillance and inflammation ([@b33-mmr-22-01-33]--[@b35-mmr-22-01-33]). ECM downregulated in SCI following the injection of VX-765, indicating that VX-765 improves SCI by inhibiting adhesion, migration, differentiation, proliferation and apoptosis through the downregulation of caspase-1 activity.

It has been reported that Akt signaling mediates a variety of extracellular and intracellular signal transduction pathways that regulate macrophage biology, including the production of pro-inflammatory cytokines, phagocytosis, autophagy and homeostasis ([@b36-mmr-22-01-33]). The PI3K-Akt signaling pathway was downregulated in SCI following the injection of VX-765, indicating that VX-765 can improve SCI by regulating macrophages and inhibiting inflammatory pathways.

The Rap1 signaling pathway plays an important role in regulating cell-cell and cell-matrix interactions by regulating the function of adhesion molecules ([@b37-mmr-22-01-33],[@b38-mmr-22-01-33]). In the present study, the Rap1 signaling pathway was enriched in downregulated DEGs of SCI following the injection of VX-765, suggesting that VX-765 may inhibit cell adhesion and polarization by inhibiting the Rap1 signaling pathway, thereby inhibiting inflammation.

HIF-1α is a specific transcription factor that is activated under hypoxic conditions and its regulated signaling pathway is the backbone of hypoxia signaling ([@b39-mmr-22-01-33],[@b40-mmr-22-01-33]). Immune cells accumulate at the site of inflammation, leaving a rapidly hypoxic environment, which, in turn, causes immune cells to transcribe HIF. In addition, NF-κB positively regulates HIF-1α expression. The signaling pathway of HIF-1α and the upstream NF-κB was inhibited following VX-765 treatment, demonstrating that VX-765 improves the local hypoxic environment of SCI.

In conclusion, the present results demonstrated that VX-765 can lead to gene expression inhibition in acutely injured spinal cords by inhibiting caspase-1. These downregulated DEGs and their associated signaling pathways, including focal adhesion, cytokine-cytokine receptor interaction, leukocyte transendothelial migration, ECM-receptor interaction, PI3K-Akt, Rap1 and HIF-1 signaling pathway, are mainly associated with the inflammatory response, local hypoxia, macrophage differentiation, adhesion migration and apoptosis in local cells. This suggests that the application of VX-765 in the acute phase of SCI can improve the local microenvironment of SCI by inhibiting caspase-1. However, whether VX-765 can be used as a therapeutic drug for SCI requires further exploration. Next, detailed research on this subject will be conducted by combining animal models and clinical practice.
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![Illustration of the experimental design. SCI, spinal cord injury; RT-qPCR, reverse transcription-quantitative PCR; RNA-Seq, RNA-sequencing.](MMR-22-01-0033-g00){#f1-mmr-22-01-33}

![Western blot analysis the effect of VX-765 on caspase-1 activity in injured spinal cord. (A) Representative western blotting results of the expression of pro-caspase-1 (42 and 45 kDa), caspase-1 (10 and 12 kDa) and β-actin (43 kDa). (B) Representative western blot results of the expression of pro-caspase-3 (34 kDa), caspase-3 (17 and 12 kDa) and β-actin (43 kDa). The statistical graphs of the expression of (C) caspase-1 and (D) caspase-3 in sham, injured spinal cords in DMSO control and VX-765 treatment groups. Data represent the mean ± standard deviation (n=6). \*P\<0.05 and \*\*P\<0.01 (analysis of variance). SCI, spinal cord injury.](MMR-22-01-0033-g01){#f2-mmr-22-01-33}

![PCA analysis. PCA analysis was performed using three principal components (PC1, 2 and 3) to demonstrate the source of variance (n=3). PCA, principal component analysis; SCI, spinal cord injury.](MMR-22-01-0033-g02){#f3-mmr-22-01-33}

![Volcano map of DEGs. Red, green and blue dots represent significantly upregulated, downregulated and no changed gene expressions, respectively. (A) SCI (DMSO) vs. Sham; (B) SCI (VX-765) vs. SCI (DMSO). DEGs, differentially expressed genes; SCI, spinal cord injury; IL, interleukin; Seq, sequencing; CD, cluster of differentiation.](MMR-22-01-0033-g03){#f4-mmr-22-01-33}

![RT-qPCR verification of differentially expressed genes characterized by RNA-Seq. The longitudinal coordinates in RNA-Seq were the mRNA expression level calculated using Transcripts Per Kilobase Million, which can be used directly to compare the difference in gene expression between the samples. The longitudinal coordinates in RT-qPCR were the mRNA expression level calculated using the ^ΔΔ^Cq method and expressed relative to the value in the sham group (designated as 1). All data were calculated with mean ± standard deviation (n=6). RT-q, reverse transcription-quantitative; Seq, sequencing.](MMR-22-01-0033-g04){#f5-mmr-22-01-33}

![Hierarchical cluster analysis of DEGs. Based on the similarity of gene expression patterns, 8,938 DEGs were divided into multiple expression clusters. The color scheme (blue to red) represents the down to up of the gene expression. sham: Sham group; SCI_C: SCI (DMSO) group; SCI_V: SCI (VX-765) group. SCI, spinal cord injury; GO, gene ontology.](MMR-22-01-0033-g05){#f6-mmr-22-01-33}

![GO enrichment analysis of DEGs. The 30 richest GO terms are listed. (A) Upregulated DEGs in SCI (DMSO) vs. Sham group; (B) downregulated DEGs in SCI (DMSO) vs. Sham group; (C) upregulated DEGs in SCI (VX-765) vs. SCI (DMSO) group; (D) downregulated DEGs in SCI (VX-765) vs. SCI (DMSO) group (D). \*P≤0.05. DEGs, differentially expressed genes; SCI, spinal cord injury; GO, gene ontology.](MMR-22-01-0033-g06){#f7-mmr-22-01-33}

![KEGG enrichment analysis of DEGs. The 20 most enriched KEGG pathways were shown. (A) Upregulated DEGs in SCI (DMSO) vs. Sham group; (B) downregulated DEGs in SCI (DMSO) vs. Sham group; (C) upregulated DEGs in SCI (VX-765) vs. SCI (DMSO) group; (D) downregulated DEGs in SCI (VX-765) vs. SCI (DMSO) group (D). DEGs, differentially expressed genes; SCI, spinal cord injury; GO, gene ontology; KEGG, Kyoto, Encyclopedia of Genes and Genomes.](MMR-22-01-0033-g07){#f8-mmr-22-01-33}

###### 

PCR primers used in the study.

  Gene        GenBank Accession no.   Forward primer 5′→3′    Reverse primer 5′→3′
  ----------- ----------------------- ----------------------- -----------------------
  Caspase-1   NM_009807.2             CGTACACGTCTTGCCCTCAT    GGGCAGGCAGCAAATTCTTT
  IL-1        NM_008361.4             ACAACTGCACTACAGGCTCC    TGGGTGTGCCGTCTTTCATT
  LCN2        NM_008491.1             ACAACCAGTTCGCCATGGTAT   AAGCGGGTGAAACGTTCCTT
  Nlrp3       NM_145827               GACCGTGAGGAAAGGACCAG    GGCCAAAGAGGAATCGGACA
  Pecam1      XM_021175967.1          GTACCAATCCAGGTGTGCGA    TTTTCGGACTGGCAGCTGAT
  CD34        NM_133654.3             ACCACAGACTTCCCCAACTG    CATATGGCTCGGTGGGTGAT
  Gbp7        BK005760                GGACGTGTCATCACAGCAGA    CCAACTGGTCCTCTGGCATT
  Icosl       NM_015790.3             GAACCCACAGGAAACCCACA    GTATAGCTTCGGTGGGGACG
  Hpdg        XM_021170107.1          CTTCGAAGCACGGCATCATC    TGGCAATGGTTGATGGGTGTA
  Ccl9        NM_011338.2             CAGGCCGGGCATCATCTTTA    TGGCAGTTCACACCCTTCTC
  Rel         NM_009044.2             TACTCGGCCTCTGAGTGTGA    GGCCTAGCCTGGCATTACAT

IL, interleukin; Lcn2, lipocalin-2; Nlrp3, nucleotide-binding oligomerization domain, leucine-rich repeat and pyrin domain-containing 3; Pecam1, platelet endothelial cell adhesion molecule; Gbp7, guanylate binding protein 7; Icos1, inducible T-cell COStimulator; Hpdg, 15-hydroxyprostaglandin dehydrogenase; Ccl9 chemokine (C-C motif) ligand 9.

###### 

Summary of sequence assembly after Illumina sequencing.

  Sample name   Raw reads   Clean reads   Clean bases   Error rate (%)   Q20 (%)   Q30 (%)   GC content (%)
  ------------- ----------- ------------- ------------- ---------------- --------- --------- ----------------
  Sham1         56509230    55796658      8.37G         0.03             97.73     93.95     51.23
  Sham2         48848744    48226002      7.23G         0.03             97.60     93.67     51.71
  Sham3         58228350    57459748      8.62G         0.03             97.67     93.78     51.42
  SCI_C1        56857568    56047834      8.41G         0.03             97.80     94.08     50.96
  SCI_C2        52518750    51674904      7.75G         0.03             97.80     94.11     50.99
  SCI_C3        62676868    61993808      9.30G         0.03             97.80     94.09     51.09
  SCI_V1        48440020    47736336      7.16G         0.02             97.92     94.39     51.23
  SCI_V2        55927984    54923592      8.24G         0.03             97.86     94.31     51.33
  SCI_V3        59647724    59047622      8.86G         0.03             97.90     94.30     51.09

Sham: Sham1, Sham2, Sham3; SCI (DMSO): SCI_C1, SCI_C2, SCI_C3; SCI (VX-765): SCI_V1, SCI_V2, SCI_V3; Q20: The percentage of bases with a Phred value \>20; Q30: The percentage of bases with a Phred value \>30. SCI, spinal cord injury.

[^1]: Contributed equally
